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SPECIAL E D I T O R I A L 
A N N O U N C E M E N T 
Distribution and Transfer of Cyclosporine Among the 
Various Human Lipoprotein Classes 
W. Mraz, R. A. Zink, A. Graf, D. Preis, W. D. Miner, W. Land, W. Siebert, and H. Zöttlein 
CYCLOSPORINE-A (CsA) is a fungal cyclic oligopeptide with an immunosup-
pressive action in different animal species as 
well as in man.1 Since this molecule exhibits a 
strong hydrophobicity,2 , 3 it may be supposed 
that CsA is mainly associated with proteins in 
blood serum. 
In this article, evidence is presented for the 
exclusive association of CsA with lipoproteins 
in serum from renal transplant patients. Fur-
thermore, it could be demonstrated in vitro 
that there is an exchange/transfer of CsA 
among the different serum lipoprotein classes 
and a transfer of the compound from nonlipo-
protein proteins to lipoproteins. The physio-
logic implications of these findings are dis-
cussed. 
MATERIALS AND METHODS 
Sources of Blood Serum and Plasma 
Blood plasma samples for the preparative isolation of 
lipoproteins were obtained from normolipidemic volun-
teers (Blood bank, Klinikum Grosshadern, University of 
Munich). For the CsA distribution studies, blood was 
obtained from renal transplant patients receiving an oral 
dose of 12-17 mg/kg of body weight of the drug.4 The 
time interval between administration of CsA and blood 
sampling was 10 hr, unless otherwise stated. Patients who 
had fasted 8-i 5 hr were sampled. 
Chemicals 
Agar, bovine, and human serum albumin and antisera 
to apolipoprotein A and B were obtained from Behring-
werke (Marburg, F .R.G. ) ; antisera to apolipoproteins 
A-I , A-II , and B from Immuno Diagnostica (Heidelberg, 
F .R.G. ) . Metrizamide was purchased from Nyegaard 
From the Institute of Clinical Chemistry, the Trans-
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Policlinic, Klinikum Grosshadern, University of Munich, 
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(Oslo, Norway); the scintillation solution Pico-Fluor 30 
and tritiated water as internal standard was obtained 
from Packard Instruments (Frankfurt, F .R .G. ) . All other 
chemicals were of reagent grade and were obtained from 
Merck (Darmstadt, F .R.G. ) . 
CsA and 3H-dihydro-CsA were gifts of Dr. R. Voges, 
and the CsA radioimmunoassay kit was provided by Dr. 
E . Abisch, both from Pharmaceutical Division, Sandoz 
Ltd. (Basel, Switzerland). 
Analytical Methods 
Total cholesterol, triglycerides, and choline-containing 
phospholipids in serum and ultracentrifugal fractions 
were determined enzymatically by standard methods,5"8 
using an automatic analyzer (Hitachi, model 705). Total 
protein was measured according to the method of Lowry 
et al., 9 using bovine serum albumin as a standard. 
Quantitative determination of the main lipoprotein 
fractions was performed by measuring their cholesterol 
contents after separation by semimicro-ultracentrifuga-
tion (Airfuge, Inc., Beckman Instruments, Palo Alto, 
C A ) at densities of 1.006 and 1.063 g/ml for very low 
density lipoprotein ( V L D L ) and high density lipoprotein 
( H D L ) , respectively. Low density lipoprotein ( L D L ) was 
calculated from the values of total, V L D L , and H D L 
cholesterol. The required densities were adjusted accord-
ing to Havel et a l . 1 0 
Agarose-gel electrophoresis11 was used for the qualita-
tive analysis of serum lipoprotein distribution as well as 
for the establishment of the purity of isolated lipoprotein 
fractions. 
To evaluate the serum protein and serum apolipopro-
tein distribution after ultracentrifugation, double diffu-
sion analysis in agarose gel 1 2 was performed with antisera 
to albumin, apolipoprotein A-I , A - I I , and B, and antise-
rum to total serum protein. 
CsA concentrations in total serum and fractions 
obtained after ultracentrifugation of serum were deter-
mined by radioimmunoassay.13 The measurement of 
radioactivity was performed in a LKB-Wallac liquid 
scintillation counter (model 1210 Ultra beta) with Pico-
Fluor 30 as scintillation liquid. Internal standardization 
with 3 H - H 2 0 was used for quench correction. 
Preparative Isolation of Lipoprotein 
Density Classes 
Lipoproteins were isolated from normal human plasma 
by sequential preparative ultracentrifugation according 
to Havel et al . , 1 0 using a model L5-65B ultracentrifuge 
with a rotor 60Ti (Beckman Instruments, Fullerton, C A ) . 
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Isolated lipoproteins were dialyzed exhaustively against 
0.05 mol/ l i terTris /HCl buffer, pH 7.4. 
Preparation of3H-Dihydro-CsA-Loaded 
Serum Proteins and Serum Lipoproteins 
3H-dihydro-CsA, dissolved in dimethyl sulfoxide 
(DMSO) , was rapidly injected into a vigorously stirred 
T r i s / H C l buffer (0.05 A//liter, pH 7.4) containing the 
desired protein (albumin, lipoprotein, and total serum 
proteins). The mixture was subsequently equilibrated for 
1 hr at 20-22°C by gentle shaking. The final concentra-
tion of D M S O in the protein solution did not exceed 70 
/imol/liter. The protein and CsA concentrations used are 
given under Results. 
Incubation Conditions for the CsA 
Exchange/Transfer Experiments 
Equal amounts of protein solutions previously loaded 
with 3H-dihydro-CsA and unloaded protein solutions 
were mixed and incubated under gentle shaking for 1 hr 
at 20-22°C. Subsequently, aliquots of the incubation 
mixtures were subjected to rate zonal ultracentrifugation, 
followed by analysis of 3H-dihydro-CsA distribution. 
Experimental details concerning protein and CsA concen-
trations are given under Results. 
Analytical Separation of the Major 
Lipoprotein Classes 
For the analysis of both the distribution and the 
exchange/transfer of CsA or 3H-dihydro-CsA among the 
serum lipoproteins and proteins, two different methods 
were used. 
(1) Fractionated precipitation of the major lipoprotein 
classes was performed according to the method described 
by Burstein et al . 1 4 with the following modifications.15 To 
the aliquots of serum, sodium phosphotungstate and 
magnesium chloride were added to give final concentra-
tions of 0.55 g/liter and 0.065 mol/liter, 3.0 g/liter and 
0.065 mol/liter, and 40 g/liter and 0.4 mol/liter, result-
ing in the precipitation of V L D L , V L D L plus L D L , and 
V L D L plus L D L plus H D L , respectively. The clear 
infranatants or supernatants obtained after low-speed 
centrifugation were used to measure the CsA contents. 
(2) Separation of the main lipoprotein classes by rate 
zonal ultracentrifugation was performed analogous to 
Chapman et al . 1 6 using an SW 40 Ti swinging bucket 
rotor (Beckman Instruments). Aliquots of the serum 
sample were layered on top of, or, after appropriate 
adjustment of the serum density, on the bottom of a 
discontinuous gradient. The gradients were formed from 
solutions of NaCI /KBr , sucrose or Metrizamide, varying 
in density from 1.006 g/ml to 1.25 g/ml, buffered with 
0.005 mol/liter T r i s / H C l , pH 8.0. After centrifugation 
(150,000 g at 4°C for 60 hr), fractions were collected 
from the bottom of the tubes, and the CsA content was 
measured. 
A detailed description of both procedures will be pub-
lished elsewhere.17 
RESULTS 
Relationship Between CsA Concentration 
and the Concentrations of Different Blood 
Constituents in Serum of Patients After 
Cadaver Kidney Transplantation 
Though the lipoprotein patterns of our 
renal transplant patients showed individual 
differences, the lipid and lipoprotein composi-
tion of each patient remained constant over a 
period of at least several weeks, as could be 
shown by different methods (lipid analysis, 
lipoprotein electrophoresis, and quantitative 
lipoprotein determination). After administra-
tion of a standardized dose of CsA 4 and using 
a standardized sampling procedure, no corre-
lation between the serum concentrations of 
total cholesterol, triglycerides, lipoproteins, or 
erythrocytes and the levels in serum of the 
drug could be observed. 
Distribution of CsA Among the Different 
Lipoprotein Fractions of Human Serum 
Separation by rate zonal ultracentrifuga-
tion of serum from patients receiving CsA 
revealed a close association of CsA with the 
different serum lipoprotein density classes— 
V L D L , L D L , and HDL. When the serum 
sample, after appropriate adjustment of the 
density, is layered on the bottom of the density 
gradient, approximately 30% of the recovered 
CsA is found to be associated with the non-
lipoprotein proteins, whereas 70% is found 
floating in association with HDL and L D L . In 
this case, only minute amounts of the drug 
were associated with V L D L . On the other 
hand, when the serum specimen is layered on 
top of the density gradient, the total recovered 
CsA is associated with the lipoproteins, 
including V L D L . Analogous results were 
obtained with gradients formed by potassium 
bromide, Metrizamide, or sucrose. An exam-
ple is presented in Fig. 1, (A and B). Using 
fractionated precipitation for the separation 
of the different lipoprotein classes, it could be 
demonstrated that 90%-95% of the recovered 
2 4 2 8 MRAZ ET AL. 
F r a c t . n o . 
Fig. 1. T h e in vivo and in vitro distribution of C s A among human serum lipoproteins. Samples (1.0 ml) of total 
se rum or isolated serum lipoproteins w e r e layered on top of preformed gradients, ranging in density from 1.006 to 
1.250 g / m l . For adjustment of the densi t ies, N a C I / K B r solutions w e r e used according to Havel et a l . , 1 0 buffered wi th 
0 .005 mol / l i ter T r i s / H C L , pH 8.0. After centrifugation (35,000 rpm for 60 hr at 4°C; rotor S W 40 T i , B e c k m a n 
Instruments) , f ract ions (0.5 ml) w e r e col lected from the bottom of the tubes. (A and B) Distribution pattern of C s A 
related to the lipoprotein pattern after ultracentrifugation of a patient se rum sampled 4 hr after administration of 
the drug (17 m g / k g body weight) . (O) Total protein; { • ) total cholesterol ; (A) tr iglycerides; ( • ) phospholipids (A) and 
( • ) C s A (B). I « V L D L , II - LDL , III = HDL, and IV = nonlipoprotein protein. (C and D) Distribution pattern of C s A after 
ultracentrifugation of isolated L D L , previously loaded with 3 H-d ihydro -CsA, before (C) and after (D) incubation wi th 
isolated unloaded V L D L . For further details s e e Materials and Methods and Table 1. 
CsA is associated with the lipoprotein frac-
tions (results not shown). 
Transfer/Exchange of 3H-Dihydro-CsA 
Among Different Lipoprotein Fractions 
An exchange/transfer of CsA between dif-
ferent isolated lipoprotein fractions could be 
demonstrated in vitro after incubation of lipo-
proteins previously loaded with t r i t ium-
labeled CsA and unloaded lipoproteins. Anal-
ysis of the distribution of CsA among the 
lipoprotein classes was performed by measur-
ing the radioactivity after separation of the 
different density classes by rate zonal ultra-
centrifugation (see Fig. I , C and D). A l l 
lipoprotein species investigated, that is, 
V L D L , LDL, and H D L , proved to be donor as 
well as acceptor lipoproteins. However, using 
a nonlipoprotein protein (human serum albu-
min) for the transfer/exchange experiments, 
only a transfer of 3H-dihydro-CsA to the 
lipoproteins could be observed. Some of our 
results are summarized in Table l . 
DISCUSSION 
The results presented in this article clearly 
show that the hydrophobic oligopeptide CsA 
is exclusively associated with lipoproteins in 
human serum, confirming and extending ear-
lier results. 1 8 Analogous findings were 
reported recently for different lipophilic 
drugs 1 9 , 2 0 and insecticides21 and amphiphilic 
lipids. 2 2 
Using the serum from our renal transplant 
patients, reflecting the in vivo state, a binding 
of CsA to lipoproteins could be demonstrated 
by two different separation methods, rate 
zonal ultracentrifugation (Fig. 1) and frac-
tionated precipitation. These findings could 
be confirmed in vitro (A) by selective loading 
of the lipoproteins with CsA in total serum, 
and (B) by loading of isolated lipoprotein 
C S A DISTRIBUTION AMONG LIPOPROTEINS 2429 
Tab le 1. T r a n s f e r / E x c h a n g e of 3 H-Dihydro- - C s A Among the Main Lipoprotein C l a s s e s In Vitro 
C s A Donor C s A Acceptor 
Lipoprotein/Protein Lipoprotein/Protein 
F r a c t i o n * ! Fraction* 
Distribution of 3 H-Dihydro-CsA After 
Incubation of Donor and Acceptor Lipoproteins 
VLDL LDL 
Albumin 
HDL (Nonlipoprotein Protein) 
VLDL None + 
LDL + + 
HDL + + 
Serum + + + 
Albumin None -
VLDL + -
LDL + -
HDL + -
Serum + + + 
Lipoprotein fractions were isolated, loaded with 3H-dihydro-CsA, and incubated with other lipoprotein fractions as described 
under Materials and Methods. 
•The following concentrations were used: VLDL, 1.0 Mmol/liter; LDL, 6.0 ^mol/liter; HDL, 3.0 ^mol/liter; Albumin 0.55 
mmol/liter. The calculation of the lipoprotein concentration was based on the data given in ref. 23 . 
•f Donor fractions contained 500 /xg/ml 3H-dihydro-CsA. Specific radioactivity: 1.25 mCi/mg. 
% Radioactivity was recovered in the density range between VLDL and LDL. 
fractions with CsA. Moreover, a bidirectional 
exchange of CsA between isolated lipoprotein 
fractions (Fig. 1 and Table 1) and a unidirec-
tional transfer of CsA from serum albumin to 
the different isolated lipoprotein classes could 
be demonstrated (Table 1). These results sug-
gest a localization of the drug at the surface of 
the lipoprotein particle. 
The question now arises whether there is a 
similar CsA exchange and/or transfer process 
between lipoproteins and cell membranes. The 
elucidation of this physiologically important 
point may help to understand, at least in part, 
the immunosuppressive effect on lymphocytes 
as well as the toxic effect on cells such as 
hepatocytes. 
REFERENCES 
1. Borel J F , Feurer C , Magnee C , et al: Immunology 
32:1017, 1977 
2. Ruegger A, Kuhn M, Lichti H, et al: Helv Chim 
Acta 59:1075, 1976 
3. Petcher T J , Weber HP, Ruegger A: Helv Chim 
Acta 59:1480, 1976 
4. Iiiner WD, Siebert W, Castro L A , et al: In Schrei-
ber HW (ed): Chirurgisches Forum '83 f. experim. u. 
klinische Forschung. Berlin, Springer, 1983, p 183 
5. Siedel J , Schlumberger H, Klose S, et al: J Clin 
Chem Clin Biochem 19:838, 1981 
6. BucoloG, David H: Clin Chem 19:476, 1973 
7. Takayama M, Itoh S, Nagasaki T, et al: Clin Chim 
Acta 79:93, 1977 
8. Trinder P: Ann Clin Biochem 6:24, 1969 
9. Lowry O H , Rosebrough NJ , Farr A L , et al: J Biol 
Chem 193:265, 1951 
10. Havel R J , Eder HA, Bragdon JH: J Clin Invest 
34:1345, 1955 
11. Noble RP: J Lipid Res 9:693, 1968 
12. Ouchterlony O, Nilsson L A : In Weir DM (ed): 
Handbook of Experimental Immunology. Oxford, Black-
well 1973, p 19.1 
13. Donatsch P, Abisch E , Homberger M, et al: J 
Immunoassay 2:19, 1981 
14. Burstein M, Scholnick HR, Morfin R: J Lipid Res 
1 1:583, 1970 
15. Sirowej H, Krieger R, Kattermann R: J Clin 
Chem Clin Biochem 20:875, 1982 
16. Chapman MJ, Goldstein S, Lagrange D, et al: J 
Lipid Res 22:339, 1981 
17. Mraz W, et al: (in preparation) 
18. Lemaire M, Tillement JP: J Pharm Pharmacol 
34:715, 1982 
19. Bickel MH: J Pharm Pharmacol 27:733, 1975 
20. Danon A, Chen Z: Clin Pharmacol Ther 25:316, 
1979 
21. Maliwal BP, Guthrie F E : J Lipid Res 23:474, 
1982 
22. Filipovic I, Schwarzmann G, Mraz W, et al: Eur J 
Biochem 93:51, 1979 
23. Nelson G (ed): Blood Lipids and Lipoproteins. 
New York, Wiley, 1972 
AUTHOR INDEX 
Abb, H. , 2380 
Abb, J . , 2380 
Abramoff, P., 2394 
Achauer, B. M., 2742, 3063, 3069, 
3073 
Adu, D., 2523, 2754 
Aeder, M. I . , 2881,2933 
Ahonen, J . , 2842, 3092 
Aikawa, I . , 2298, 2334, 2501 
Allen, N. H., 2862 
Ambinder, R. F., 2808 
Appelbaum, F . R., 2620, 3042 
Aprile, M., 2513 
Arakawa, K., 2298 
Araujo, J . L . , 2889 
Arnaud-Battandier, F. , 3019 
Asano, T. , 2340, 2939 
Ascher, N. L . , 2463, 2874, 2881 
Atchison, R. W.,2917 
Atkinson, K., 2430, 2446, 2761 
Bahnson, H. T., 2553, 2573, 2706, 
2757, 2768, 2779 
Bailey, L . , 2956 
Ballas, Z. K., 2323 
Bandlien, K. O., 3084 
Barnhart, M. I., 3084 
Barry, E . P., 2403 
Bartell, L . , 3162 
Baughan, A., 2708 
Belitsky, P., 2535 
Beizer, F. O., 2997 
Benjamin, W. R., 2311 
Bentley, F. R., 2881 
Bernstein, R. L . , 2706 
Beschorner, W. E . , 2613 
Bettcher, K. B., 2538 
Beveridge, T., 2409 
Biggs, J . , 2430, 2446, 2761 
Billingham, M., 2546 
Bishop, G. A., 2852 
Black, K. S., 2742, 3063, 3069, 
3073 
Blanc, N. , 2798 
Boake, R., 2538 
Boileau, M., 2469 
Boland, J . , 2430 
Boldt, L . , 2567 
Borel, J . F . , 2219, 2242, 3097 
Borgmästars, H., 2842 
Bortin, M. M., 2394 
Bosi, E . , 2602, 2676, 2798 
Boulas, J . , 2485 
Bouwer, H. G. A., 2306 
Bowes, L . G. , 3077 
Bradley, M., 3150 
Bremer, R., 2821 
Brewer, E . D., 2528 
Britton, K., 2430, 2446 
Brölsch, C , 2531,2586 
Brookmeyer, R., 2613 
Brown, Z. , 2398 
Brunner, F. P., 2821 
Buckels, J . , 2523 
Buckner, C . D., 2620 
Bull, R. W., 3004 
Bunzendahl, H., 2531 
Burdelski, M., 2586 
Burke, M. D., 2712 
Buscetta, S., 2373 
Bushuk, M., 3053 
Calne, R. Y . , 2846, 2878 
Canadian Transplant Study Group, 
2479, 2490, 2513, 2748 
Canafax, D. M., 2874 
Cannarella, S. N., 2578 
Carpenter, C . B., 2889 
Carruthers, G. , 2438 
Castro, L . A., 2517, 2699, 2857 
Cavallini, M., 2960 
C h a n , C . C , 2914 
Chapuis-Cellier, C , 2798 
Chevalier, M., 2798 
Chinn, P. L . , 2606 
Chipping, P. M., 2634 
Choudbury, S. P., 3084 
Clift, R. A., 2620 
Clunie, G. J . A., 3077 
Cohen, A., 2535 
Cohen, Z. , 3013, 3032 
Cole, G. A., 2271 
Concannon, A., 2446, 2761 
Conley, S. B., 2528 
Converse, P. J . , 2923 
Cook, K., 2997 
Cook, L . A., 2387 
Cooley, D. A., 2567 
Corneo, M., 2617 
Cortez, J . A., 3084 
Corry, R. J . , 2969 
Cory-Pearce, R., 2559 
Cowing, G. , 2904 
Creyssel, R., 2798 
Crocker, J . , 2535 
Crofts, M., 2624 
Cunningham, C , 2712 
Davies, H. ff. S., 2278 
DeBiasio, R. L . , 2775 
Debski, R. F. , 2553 
Deeg, H. J . , 2416, 2620, 3042 
Delmonte, L . , 2328 
Deltz, E . , 3027 
Dereg, H. J . , 3042 
Devergie, A., 2442, 2628 
Devineni, R., 2695 
Dhein, B., 3162 
Diaz-Velez, A., 3084 
Dieperink, H., 2736 
Dixon, J . F. P., 2376 
Dodds, A., 2446, 2761 
Donatsch, P., 2719 
Doney, K., 2620 
Donnenberg, A. D., 2343 
Dossetor, J . B., 2538 
Drath, D. B., 2367 
Du Toit, D. F. , 2992 
Dubernard, J . M., 2602, 2676, 
2798 
Duggin,G.G., 2485,2852 
Dumble, L . J . , 3077 
Dummer, J . S., 2768, 2779 
Duplan, J . , 2695 
Egel, J . , 2706 
Eklund, B., 2842 
El Yafi, S., 2602, 2798 
Elick, B. A., 2606 
Eloranta, M., 2842 
Els, D M 2992 
Emeson, E . E . , 2578, 2979 
Engel, P., 2343 
Engemann, R., 2986, 3027 
English, T. A. H., 2559 
Enomoto, K., 2939 
Evans, B., 2624 
Evans, D. B., 2846 
Ezzibdeh, M., 2523 
Fairhead, S. M., 2634 
Farmer, E . R., 2613, 3035 
Farnsworth, A., 2852 
Farrell, C , 2446 
Fauci, A. S., 2315 
Fawwaz, R., 2973 
Fehrman, I., 2507 
Ferguson, R. M 2 3 5 0 , 2463, 2836, 
2881,3162 
Fidelus-Gort, R., 2350 
Field, M. Y . , 2960 
Finkelstein, D., 3032 
Fischbach, M., 2899 
Flaa, C , 2950 
Flechner, S. M., 2293, 2302, 2434, 
2469, 2528, 2689, 2869 
Flournoy, N., 2620 
3184 Transplantation Proceedings, Vol. XV, No. 4, Suppl. 1 (December), 1983 
AUTHOR INDEX 3 1 8 5 
Flye, M. W., 2983 
Foley, R. J . , 2726 
Fontaine, J . L . , 3019 
Ford, R., 3142 
Forström, J . , 2842, 3063, 3069 
Fraser, L . A., 2742, 3063, 3069 
Frazier, O. H., 2567 
Fredane, L . M., 2909 
Friedman, A. W„ 2259 
Friedrichs, B., 3027 
Fryd, D. S., 2463 
Fukuda, M., 2334 
Fumagalli, F. , 2398 
Furnas, D. W., 2742, 3063, 3069, 
3073 
Gallix, P., 3019 
Gamberg, P., 3135 
Garnett, N. L . , 2808 
Gartner, J . C , Jr., 2582, 2592 
Geczy, C . L . , 2390 
Gelet, A., 2602 
Gery, I. , 2311,2364, 2914 
Ghnassia, D., 3019 
Gibbons, S., 2434 
Ginchereau, E . , 2573 
Glass, N . R . , 2997 
Glazier, A., 3035 
Gliedman, M. L . , 2578 
Gluckman, E . , 2442, 2628 
Goetz, F . C , 2606 
Gokel, J . M., 2857 
Golden, D. L . , 3176 
Goldsmith, J . , 2450, 2578 
Goodman, B., 2852 
Gordon-Smith, E . C . , 2422, 2634, 
2708 
Gossain, V. V., 3004 
Graf, A., 2426 
Granlund, H., 2842 
Gratwohl, A., 2617 
Greenberg, A., 2706 
Greenberg, G. R., 3032 
Griffith, B. P., 2553, 2573, 2706, 
2757,2779 
Groth, C . G . , 2507, 2815 
Gudat, F . , 2821 
Guglielmi, A., 2757 
Gui, X. E . , 2917 
Gunji, M., 2939 
Günther, K., 2517, 2699, 2857 
Gupta, R., 2535 
Gurland, H. J . , 2699 
Haines, I. , 2754 
Hakala, T. R., 2459, 2582, 2768, 
2773,2775, 2805 
Hail, B. M., 2485, 2852 
Hallberg, F . , 2960 
Halloran, P. F. , 2513, 3053 
Ham, J . , 3011 
Hamelmann, H., 2986 
Hamilton, D. V., 2846 
Hammer, C . , 2517 
Hamner, R. W., 2726, 2730 
Hamoudi, W. H., 2775 
Handschumacher, R. E . , 2265 
Harder, F. , 2821 
Hardesty, R. L . , 2553, 2573, 2706, 
2757,2779 
Hardy, A. M., 2768, 2773 
Hardy, M. A., 2973 
Harley, J . B., 2315 
Harris, G. , 2904 
Harris, J . P., 2485 
Hashim, G . A., 2909 
Hashimoto, I . , 2298, 2334, 2501 
Haynes, I. G . , 2523 
Häyry, P., 2716, 2842, 3092 
Heberling, R. L . , 2808 
Heineman, E . , 2953 
Hekali, R., 3092 
Helanterä, A., 2842 
Henttula, U . M., 2842 
Hess, A. D., 2248, 2343, 2613, 
2923 
Hewitt, C . W., 2742, 3063, 3069, 
3073 
Heydenrych, J . J . , 2992 
Hillebrand, C , 2517 
Hillebrand, G. , 2699, 2857 
Hinrichs, D. J . , 2306 
Ho, M., 2768, 2773, 2779, 2917 
Höckerstedt, K. , 2842 
Hodgkin, P., 2242 
Hoffman, G. J . , 2808 
Horvath, J .S., 2485, 2852 
Howard, E . B., 2742, 3069 
Hows, J . M., 2422, 2634, 2708 
Howson, W., 2438 
Huber, A. C . , 2808 
Hughes, G . , 2624 
Hunt, S. A., 2546 
Hutchinson, I. V., 2287 
Huttunen, K., 2842 
Iga, C . , 2973 
Illner, W. D., 2426, 2517 
Imberti, L . , 2398 
Ingerman, A., 2742 
Ioka, J . , 2501 
Itzkoff, J . , 2573 
Ivory, K., 2782 
Iwatsuki, S., 2459, 2582, 2592, 
2805 
Jamieson, S. W., 2546 
Jeannet, M., 2617 
Jeekel, J . , 2953 
Johnsen, A. M., 2573 
Johnson, J . R., 2485, 2852 
Jolley, W. B., 2956, 3011 
Jones, D. B., 2927 
Jones, M. G. , 2904 
Jones, S., 2311 
Jos, J . , 3019 
Kääriäinen, M., 2842 
Kadotani, Y . , 2501 
Kahan, B. D., 2211,2259, 2293, 
2302,2367,2413, 2434, 2469, 
2528,2567, 2641,2649, 2665, 
2689,2869, 2942 
Kaleya, R., 2450, 2578 
Kaiman, V. K. , 2383 
Kamada, N., 2278 
Kamholz, S. L . , 2450, 2578, 2979 
Kamps, D., 2997 
Kauste, A., 2842 
Kennedy, M. S., 2416, 2620 
Keown, P. A., 2438, 2695 
Kerman, R. H., 2293, 2302, 2469, 
2689,2869 
Killeen, D., 2956 
King, H. P., 3077 
Kirkman, R. L . , 2889 
Kirwan, P., 2852 
Klapwijk, W., 3046 
Klaus, G . G . B., 2321 
Klempnauer, J . , 2531, 3001 
Klimpel, G. R., 2383 
Klintmalm, G. , 2507, 2815 
Knierim, K., 3011 
Kobrenski, J . E . , 3157 
Koegler, J . , 2438 
Kondoh, Y . , 2334 
Koumas, J . C . , 3069 
Kovithavongs, T., 2538 
Kretschmer, G., 2787 
Kuhlbäck, B., 2842 
Kulkarni, A., 2967 
Kunelius, P., 2842 
Kunkl, A., 2321 
Kupiec-Weglinski, J . W., 2357 
Kuromoto, N., 2973 
Kuwabara, T. , 2364 
Kwok, D., 2434 
Kyriakides, G. K., 2950 
Lacour-Gayet, F. , 2956 
Lafferty, K. J . , 2242, 3097 
Laker, L . , 2992 
Lakey, W. H., 2538 
Lalla, M., 2842, 3092 
3186 AUTHOR INDEX 
Lampainen, E . , 2842 
Land, W., 2426, 2517, 2699, 2857 
Lang, W., 2586 
Langer, B., 3013, 3032 
Lannon, S. G. , 2535 
Lauflfenburger, A., 3019 
Laupacis, A., 2748 
LeGrue, S. J . , 2259 
Leake, W. C , 2914 
Lear, P. A., 2357 
Leijala, E . , 2842 
Leithner, C , 2787 
Lemaire, M., 2419 
Lewis, W. I. , 2881,2933 
Leyssac, P. P., 2736 
L i , Z . , 2956 
Liebert, M., 2775 
Lien, J . , 2513 
Linfesty, R. L . , 3073 
Linkola, A., 2842 
Loertscher, R., 2821 
Lokiec, F. , 2442, 2628 
Longerbeam, J . K., 3011 
Lossing, A. G M 3013 
Louw, G. , 2992 
Ludwin, D., 2513 
MacDonald, A. S., 2535 
MacKenzie, G. H., 3084 
Mackenzie, R. D., 3013, 3032 
Mackintosh, P., 2523 
Magnus, G. , 2960 
Mah, B. J . , 3069 
Mäher, E . R., 2846 
Malatack, J . J . , 2582, 2592 
Maletic-Staschak, S., 3130 
Marquet, R. L . , 2953 
Martin, D. C. , 2742 
Masendycz, P., 3077 
Mason, D. W., 2287 
Matsumura, T., 2298 
Maurer, G. , 2409, 2419 
McCabe, R. E . , 2909 
McCormick, P., 2538 
McDonald, R., Jr., 2573 
McKenzie, K , 2438, 2695 
McMaster, P., 2523, 2754 
McMichael, J . , 2438 
Merion, R., 2878 
Merker, M., 2265 
Michael, J . , 2523, 2754 
Mihatsch, M. J . , 2719, 2821 
Milford, E . L . , 2889 
Miller, A. M., 3046 
Miller, J . , 2950 
Mirisklavos, A., 3077 
Mochizuki, M., 2364 
Mokhtarian, F., 2271 
Mollenkopf, F. P., 2450, 2578 
Montefusco, C . M., 2450, 2578 
Moody, F. G. , 2207 
Moon, D. K. , 2390 
Morris, P. J . , 2287, 2862 
Mraz, W., 2426 
Muller, A., 2719 
Müller-Hermelink, H. K., 3027 
Müller-Ruchholtz, W., 2986, 3027 
Myllyniemi, V. A., 2842 
Nachreiner, R. F. , 3004 
Nagao, T. , 2278 
Nagata, M., 2939 
Najarian, J . S., 2463, 2606, 2836, 
2874, 2881,2933, 2960 
Nehlsen-Cannarella, S. L . , 2450 
Neild, G. H., 2398, 2782 
Nelson, D. S., 2390 
Nemlander, A., 3092 
Neuhaus, P., 2586 
Newburger, J . , 2413 
Ng, A., 2852 
Nickell, S. P., 2271 
Niederberger, W., 2409, 2419 
Nissen, C , 2617 
Nomura, H. , 2501 
Nordgren,S. R., 3013,3032 
Norin, A. J . , 2578,2979 
Nowygrod, R., 2973 
Nussbaumer, K., 2419 
Nussenblatt, R. B., 2311, 2364, 
2914 
Oberholzer, M., 2821 
Ochiai, T. , 2340, 2939 
Ohmori, Y . , 2298, 2334, 2501 
Ohtsuka, M., 2939 
Oka,T. , 2298, 2334, 2501 
Olivieri, V., 2821 
Olson, L . , 2950 
Osato, M.S . , 2927, 3081 
Ost, L . , 2507 
Osterwalder, B., 2617 
Ota, B., 3111, 3150 
Oyer, P. E . , 2546 
Padgett, G. A., 3004 
Painvin, G. A., 2567 
Pajunen, S., 2842 
Paldanius, R., 2842 
Palestine, A. G. , 2914 
Palladino, M. A., 2387 
Palmer, S., 2634 
Parker, J . W., 2376 
Pauli, P., 2446 
Payne, W. D., 2302, 2469 
Pedrazzini, A., 2624 
Penn, L , 2790 
Perier, P., 2956 
Perlroth, M., 2546 
Perry, J . , 2956 
Petric, R„ 2719 
Pettersson, E . , 2842 
Philosophe, B., 2742, 3073 
Pichlmayr, R., 2531, 2586, 3001 
Pinsker, K. L . , 2578, 2979 
Pohanka, E . , 2787 
Poirier, O., 2442, 2628 
Pollard, C . , 2624 
Poole, C . , 2624 
Pouteil-Noble, C , 2798 
Powles, R. L . , 2624 
Pozza, G. , 2602 
Preis, D., 2426 
Press, B. H. J . , 3057 
Puschett, J . B., 2706 
Rabin, B., 2775 
Raff, R. F . , 3042 
Reem,G. H. , 2387 
Reemtsma, K., 2973 
Reeves, R., 2573 
Reinherz, E . L . , 2889 
Relander, A., 2842 
Remuzzi, G. , 2398 
Revillon, Y . , 3019 
Rice, J . , 2265 
Ricour ,C , 3019 
Ried, M., 2434 
Rinaldo, C . R., Jr., 2775 
Ringden O., 2507, 2815 
Rios, A., 2373 
Ritter, J . , 2798 
Robinson, W. T., 2403 
Rocchi, G. , 2398 
Rodger, R. S. C , 2754 
Roger, S., 2523 
Rogers, J . R., 2485 
Rolles, K., 2878 
Rook, A. H. , 2914 
Roost, H., 2956 
Rosenthal, J . T., 2459, 2582, 2773, 
2805, 3081 
Roussel,T. J . , 2927,3081 
Rudolph, F. , 2967 
Ryffel, B.,2719, 2821 
Sakamoto, K., 2340 
Salmela, K., 2842 
Sanders, J . E . , 2620 
Sanghvi, A., 2757 
Santos, G . W., 2248, 2343, 2613, 
2923 
Sarai, R., 2613 
Sarelin, H., 2842 
AUTHOR INDEX 31 
Sato, H., 2340, 2939 
Schack, T. , 3027 
Schade, R. R., 2582, 2757 
Schall, W. D., 3004 
Scheibel, L . W., 2271 
Scher, I., 2914 
Schlossman, S. F. , 2889 
Schindler, N., 2517 
Schmidt, C , 2956 
Schmidt, E . , 2586 
Schneider, B., 2517,2699 
Schoenberg, L . , 3124 
Schran, H . F . , 2403 
Schulak, J . A., 2969 
Schulte, W. E . , 2323 
Schwarz, M., 2787 
Schweitzer, B., 2265 
Secchi, A., 2602 
Sells, R. A., 2495 
Severns, E . , 3042 
Shapiro, A. P., 2573 
Shaw, B. W., Jr., 2459, 2582, 2592 
Sheil, A. G. R., 2485,2852 
Shelby, J . , 2969 
S h i h , C . C . - Y . , 2394 
Shinohara, N., 2340 
Shoemaker, P., 2719 
Shons, A. R., 3057 
Shulman, H., 2620 
Shumway, N. E . , 2546 
Sibley, R. K., 2836, 2960, 3057 
Siebert, W., 2426, 2517 
Siegl, H., 2719 
Signer, E . , 2617 
Simmons, R. L . , 2463, 2836, 2874, 
2881 
Simpson, J . G. , 2702, 2712 
Sinclair, N. R., 2438 
Sinzinger, H., 2787 
Smith, J . M., 2422, 2708 
Sollinger, H. W., 2997 
Speck, B., 2617 
Spichtin, H. P., 2821 
Starklint, H., 2736 
Starzl, T. E . , 2459, 2582, 2592, 
2768,2773,2805,3103 
Stawecki, M., 2438 
Steiniger, B., 3001 
Stephen, M. S„ 2485 
Stewart, J . A., 3053 
Stewart, P., 2620 
Stiller, C. R., 2438, 2479, 2490, 
2695,3013 
Stinson, E . B., 2546 
Stock, S., 2523 
Stöcklin, E . , 2821 
Storb, R.,2416, 2620, 3042 
Strand, M., 2463 
Strom, T. B., 2357, 2889 
Sullivan, K. M., 2620 
Sutherland, D. E . R., 2463, 2597, 
2606, 2836, 2874, 2881,2933, 
2960 
Suzuki, S., 2501 
Suzuki, T. , 2939 
Syre, G. , 2787 
Talal, N., 2899 
Tao, U 2960 
Tarssanen, L . , 2842 
Taskinen, E . , 2842 
Taylor, H. R., 2808 
Taylor, R. J . , 2805 
Thiede, A., 2986, 3027 
Thiel, G. , 2821 
Thiru, S., 2846 
Thomas, E. D., 2416, 2620, 3042 
Thompson, J . F. , 2862 
Thompson, M. E . , 2573, 2706, 
2757, 2779 
Thomson, A. W., 2390, 2702 
Tillegärd, A., 2507 
Tiller, D. J . , 2485, 2852 
Tilney, N. U 2357, 2889 
Ting, A., 2862 
Toledo-Pereyra, L . H., 2373, 3084 
Tonnesen, A. S., 2730 
Torhorst, J . , 2821 
Touraine, J . L . , 2602, 2798 
Traeger, J . , 2602, 2798 
Truitt, R. U 2394 
Turney, J . H., 2523, 2754 
Tutsehka, P. J . , 2248, 2343, 2613, 
2923,3035 
Ulrichs, K., 2986, 3027 
Usui, T. , 2298 
Uyemura, K., 2376 
Vaiman, M., 3019 
Valentine, B. A., 2808 
Van Bekkum, D. W., 3046 
Van Buren, C . T., 2293, 2302, 
2434, 2469, 2528, 2678, 2689, 
2726,2869, 2967 
Van Thiel, D. H., 2582, 2757 
Vänttinen,T., 2842 
Vartia, A., 2842 
Veith, F. J . , 2450, 2578, 2979 
Viranta, M , 2842 
Vlassis, T. , 2523 
von Willebrand, E . , 2716, 2842, 
3092 
Wagner, E . , 3001 
Wagner, O., 2419 
Wajszczuk, C . P., 2768, 2773 
Wakely, E . , 2969 
Wall, W., 2438 
Wallace, A. C , 2695 
Wallwork, J.,2559 
Walma, E . P., 3046 
Walshaw, R., 3004 
Warner, T. , 2997 
Warty, V., 2757 
Weimar, W., 2953 
Weinmann, E . J . , 2726, 2730 
Wenger, R., 2230 
Weyne, P., 3019 
Wheatley, D. N., 2712 
White, D. J . G . , 2278 
White, J . , 2535 
White, N., 2513 
Whiting, P. H., 2702, 2712 
Wideman, C. A., 3168 
Wiktorowicz, K., 3092 
Wilczek, H., 2507 
Wilhelmus, K. R., 2927, 3081 
Williams, D . G . , 2398, 2782 
Williams, M. D., 3004 
Witherspoon, R. P., 2620 
Wonigeit, K„ 2531, 2586, 3001 
Wood, A. J . , 2409 
Wood, R. F. M., 2862 
Woolfe-Coote, S., 2992 
Yamada, N., 2939 
Yasumura, T. , 2942 
Yee, G . C . , 2416 
Yin, J . U 2634 
Yoshimura, N., 2298, 2334 
Zink, R. A., 2426, 2517 
Zitelli, B. J . , 2582, 2592 
Zollinger, H. U., 2821 
Zöttlein, H., 2426, 2517 
Zuurmond, T., 2992 
